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Application alled Earch 31, 1930. Serial No. 440,289. 

This invention relates to the treatment of 
natural mineral sources of magnesium and 
calcium compounds, such as dolomite and 
magnesian limestone, magnesite, etc.; and 
more particularly the production of sepa: 
rated products from such crude sources; and 
it is among the objects of the invention to pro 
vide products of purity, as desired, and with 
advantageous uniformity. Another object is 
the provision of procedure making possible 
marked economies in reagents employed. A 
further object is the provision of a continu 
ous or cyclic order of procedure, with effec 
tive usage and stagewise return of materials 
in the process. Other objects and advan 
tages will appear as the description proceeds. 
To the accomplishment of the foregoing 

and related ends, the invention, then, consists 
of the features hereinafter fully described, 
and particularly pointed out in the claims, 
the following description setting forth cer 
tain procedure illustrative of the invention, 
such being indicative however of but a few 
of the various ways in which the principle 
of the invention may be employed. 
in the accompanying drawing:- 
Figs. 1-4 inclusive show photomicrographs 

illustrating the products possible. 
In its general aspects, the invention cont 

templates treating a crude mineral source of 
calcium and magnesium compounds, such as 
dolomite or magnesian limestone, etc., by 
heating such a material with an ammonium 
compound, as an ammonium halide, at a ten 
perature to react to form a soluble calcium 
halide, and then separating magnesium oxide 
and the calcium halide by dissolving out the 
latter, and precipitating the calcium as cal 
cium carbonate. Depending upon the par 
ticular temperature employed, the results 
may be somewhat varied as to the detail char. acter of the calcined product. One range of 
températures for instance resulting in a cal 
cined product which is rather hard and dense 
and heavy, while another range of tempera 
ture treatment results in a product of loosely 
sintered character, very easily disintegrated 
mechanically and by the action of water. 

50 
Generally prefer to treat at a temperature 
below the melting point of the calcium halide 

formed. Various stagewise and cyclic usages 
of material are also contemplated. 

Depending upon how far the separation 
is carried, products may be had in the form 
of completely isolated calcium or magnesium 
compounds, or magnesium compounds with 
admixture of a controlled amount of lime. 
The raw mineral, dolomite or the like, is 
mixed with the ammonium halide, being 
ground either separately or together. Fine 
grinding favors reactive conditions. In gen 
eral, the amount of ammonium halide may 
range from one to two parts by weight to 
each part by weight of calcium carbonate 
analytically determined in the raw mineral. 
The mixture is then heated to reaction tem 
perature whereupon calcium halide, ammon 
ium carbonate and magnesium oxide are 
formed. The ammonium carbonate in vola 
tilized form passes of along with a small 
amount of ammonium halide which is re 
covered with the ammonium carbonate. 
take care of the volatilization of ammonium 
halide it is good practice to use an excess 
of the latter. In the preferred form of the 
invention, the heating is carried on in a 
muffle furnace, the temperature being closely 
controlled below the melting point of the 
calcium halide formed, and the calcined prod 
uct is then of a porous spongy character. 
Whether treated in a rotary kiln or in a 
muffle furnace, and at higher or lower tem 
peratures, the reaction product is subjected 
to the action of water to dissolve the cal 
cium halide, and the resulting solution is 
filtered from the magnesium oxide, and there 
after is treated to precipitate calcium carbon 
ate. This precipitation is accomplished ad 
vantageously by using the volatilized am 
monium carbonate driven off from the reac 
tion zone, the ammonium carbonate being 
brought into intimate contact with the solu 
tion in any suitable manner. The calcium 
carbonate may then be removed by filtration. 
The annonium halide filtrate may again ice 
used in the cycle, being first concentrated by 
evaporation if desired. 
Any ammonium halide reacting to form 3, 

soluble calcium halide may be used. The par 
ticular halide so employed will depend some 
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what upon considerations of availability; 
but since the halide can be recovered and be 
recycled in successive use, and there is no loss 
other than slight incidental mechanical loss 
es, the matter of the cost of reagent is of 
slight importance. For the sake of clarity 
and convenience in the illustrative examples 
which follow, reference is made to the use 
of ammonium chloride as the reagent and of 
dolomite as the mineral source of magnesia. 
As indicated, the calcination may be car 

ried out at a temperature at which the chlo 
ride melts, a hard, dense and heavy product 
being thus formed, which when pulverized 
does not disintegrate readily when treated 
with water and the calcium chloride dissolves 
with difficulty and slowly. The insoluble 
residue does not settle and is troublesome to 
filter. The increased time necessary for set 
tling and filtration promotes the hydration. 
of the magnesia. On the other hand, if the 
temperature of operation be controlled to pre 
vent the fusing or melting of the products, 
there results a light spongy product which 
is easily reactive to water solution and sepa 
ration. 
In the accompanying figures, 1-4, are 

shown photomicrographs illustrating these 
possible differences in product. Microscopic 
examination of the reaction product obtained 
by heating to the fusing temperature of the 
calcium chloride shows well defined crystals 
of CaO in cubes, or in large fragments show 
ing the cubic cleavage of CaO (Figs. 1 and 
2), and with the characteristic index of re 
fraction of 1.83. Fused calcium chloride eas 
ily dissolves lime to form a clear melt and on 
cooling the dissolved CaO separates from the 
meltin large transparent crystals. As is well 
known, the crystalline variety of lime slakes 
down and hydrates in water very slowly, and 
it may be kept in water for days without 
complete hydration. The slow hydration of 
this crystalline lime makes it impossible to 
effect a complete separation in a reasonable 
time. Accordingly, when the process is op 
erated within the fusing temperature range, 
the procedure subsequent is slower. 
A microscopic examination of the product 

produced at a temperature slightly below 
that of the melting temperature of the cal 
cium halide shows a loosely sintered spongy 
mass composed of large crystals of the ani 
sotropic form of calcium chloride, in which 
are enclosed tiny isotropic particles of mag 
nesium oxide probably in the form of peri 
clase (Figs, 3 and 4). The structure as re 
vealed by microscopic examination of this 
loosely sintered spongy product indicates 
that the calcium chloride crystals were 
formed in most part by the reaction through 
the vapor phase and without the intermedi 
ate formation of a liquid phase such as mol 
ten calcium chloride. When this reaction is 
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carried out at a temperature below the melt 
ing point of calcium chloride, any free lime 
that may exist in the product appears in the 
so-called amorphous form and as very tiny 
particles which rapidly disintegrate, hydrate 
and then dissolve in the calcium chloride so 
lution. 

In the fusion of anhydrous calcium chlor 
ide, there is a loss in chlorine resulting in the 
formation of CaO which dissolves in the 
molten chloride, subsequently separating as 
the crystalline or dead burned variety of 
lime; therefore, it is necessary for a com 
plete separation to effect the calcination re 
action without fusing any of the products 
of the reaction. 
The following is one example of the 

process: 
parts by weight of ammonium chloride to 
each part by weight of calcium carbonate 
analytically present in the raw dolomite. 
The dolomite should desirably be in a pow 
dered form so that 90 per cent. would pass 
through a 100 mesh sieve. The dolomite, 
mixed with the ammonium chloride or made 
into a slurry with the ammonium chloride 
solution is fed into a kiln or furnace such 
that the reaction product is not heated to a 
temperature much in excess of 750° C. I 
have successfully used as the first stage of 
heating a rotary drier into which is fed a 
wet slurry composed of a solution of am 
monium chloride and the powdered dolomite. 
The slurry advances in the drier and the so 
lution evaporates, the dried product issuing 
from the drier in light, porous balls or lumps. 
This product drops onto a conveyor which 
conducts the material through a muffle tun 
nel kiln without further mechanical agita 
tion, the kiln being uniformly heated to a 
temperature such that the reacting sub 
stances and products of reaction are heated 
at a temperature of from 600 to 750° C. The 
ammonium chloride reacts with the dolomite 
as illustrated as follows: 
CaMg(CO.),+2NHCl=MgO + CaCl.-- 

(NH,) CO--CO. 
Ammonium carbonate, together with a 

small amount of ammonium chloride, passes. 
off in volatilized form, and these may be col 
lected by dissolving in water or preferably 
by condensing with steam. The product dis 
charged from the kiln is in the form of loose 
ly sintered, fragile, porous balls or lumps 
which when treated with water readily dis 
integrates. Calcium chloride passes into so 
lution, magnesium oxide settles readily, and 
the solution is filtered from the insoluble 
magnesium oxide. 
The calcium chloride solution is treated 

with the ammonium carbonate from the first 
reaction to form insoluble calcium carbonate 
and dissolved ammonium chloride. This 

Raw dolomite is treated with 2. 

( 
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latter reaction may be illustrated by the equation: 
CaCl,+ (NH) CO,-CaCO+2NH,Cl 

The solution of ammonium chloride is mixed 
with more raw dolomite, and the mixture is 
processed as before, thus making a complete 
ly continuous and cyclic operation. 

Variation as to detail may be had, depend 
ing upon particular conditions and require 
ments. The temperature, for instance, may 
range somewhat differently from that illus 
tratively stated, but should in no case exceed 
the melting temperatures of any of the prod 
ucts of the reaction if complete separation 
is desired. Calcined products may accord 
ingly be had in which a part of the calcium 
carbonate is converted into a light weight, 
porous, spongy calcium halide, or in which 
all of the calcium carbonate has been so con 
verted. The quantity of water employed in 

50 

dissolving the calcined material is in large 
degree a matter of feasible adaptation to con 
venience in particular plant equipment. 
The evaporation of the ammonium haide so 
lution may be practiced to such point as is 
most economical and efficient. 
The raw materials as fed to the kiln may be 

either in dry or wet state, as preferred. Or 
dinarily, with a complete cycle basis of oper 
ation, the material will be employed in wet 
state when delivered into the kin. 
Other modes of applying the principle of 

the invention may be employed, change being 
made as regards the details disclosed, pro 
vided the steps stated in any of the following 
claims, or the equivalent of such, be em 
ployed. 

I therefore particularly point out and dis 
tinctly claim as my invention:- 

1. A process of treating magnesium-con 
taining limestone, which comprises heating 
Such material with an ammonium halide to 
form MgO and a water-soluble calcium 
halide. 
2. A process of treating magnesium-con 

taining limestone, which comprises heating 
E. Aerial E. soil halide and orming a light weight, porous, spon 
product consisting of SoSES E. 
persed through loosely consolidated crystals 
of a water soluble calcium halide. 

(...) 

3. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with ammonium chloride to 
form MgO and calcium chloride. 

4. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with ammonium chloride and 
forming a light Weight, porous, spongy prod 
uct consisting of MgO uniformly dispersed 
through loosely consolidated crystals of cal 
cium chloride. 

5. A process of treating magnesium-con 
taining limestone, which comprises heating 

S 

such material with an ammonium halide at 
8 temperature below the melting tempera 
ture of the calcium to form MgO and a wa 
ter-soluble calcium halide. 

6. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with ammonium chloride at . 
a temperature of 600° to 750° C. 

7. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide, and 
dissolving calcium halide from the product. 

8. A process of treating magnesium-con 
taining limestone, which comprises heating 
Such material with an ammonium halide to 
formation of MgO and a water-soluble cal 
cium halide below the melting temperature 
of the calicum halide, and dissolving the 
halide from the calcined product. 

9. A process of treating magnesium-con 
taining limestone, which comprises heating 
Such material with ammonium chloride at a, 
temperature of 600° to 750° C., and dissolv 
ing calcium chloride from the product. 

10. A process of treating magnesium-con 
taining limestone, which comprises heating 
Such material with an ammonium halide, dis 
Solving calcium halide from the product, and 
precipitating calcium as carbonate from the 
solation formed. 

11. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide, dis 
solving calcium halide from the product, 
treating such solution with ammonium car 
bonate to form calcium carbonate and am 
monium halide, and returning ammonium 
halide to the first step. 

12. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide to 
formation of MgO and a water-soluble cal 
cium halide below the melting temperature of 
the calcium halide, dissolving the halide from 
the calcined product, treating such solution 
with ammonium carbonate to form calcium 
carbonate and ammonium halide, and return 
ing ammonium halide to the first step. 

13. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with ammonium chloride at a 
temperature of 600° to 750° C., dissolving 
calcium chloride from the product, treating 
such solution with ammonium carbonate to 
form calcium carbonate and ammonium 
chloride, and returning ammonium chloride 
to the first step. 

14. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide to 
form a water-soluble calcium halide and 
volatilized ammonium carbonate, dissolving 
calcium halide from the product, and treating 
such solution with the ammonium carbonate. 

15. A. process of treating magnesium-con 
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taining limestone, which comprises heating 
such material with an ammonium halide to 
formation of MgO, a water-soluble calcium 
halide below the melting temperature of the 
calcium halide, and volatilized ammonium 
carbonate, dissolving calcium halide from the 
calcined product, and treating such solution 
with the ammonium carbonate. 

16. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide to 
form a water-soluble calcium halide and 
volatilized ammonium carbonate, dissolving 
calcium halide from the product, condensing 
the volatilized ammonium carbonate with 
steam, and returning such ammonium car 
bonate to the calcium halide solution. 

17. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide 
to formation of MgO, a water-soluble 
calcium halide below the melting tem 
perature of the calcium halide, and volatil 
ized ammonium carbonate, dissolving calci 
um halide from the calcined product, treat 
ing the calcium halide solution with the am 
monium carbonate to form calcium carbonate 
and ammonium halide, and returning am 
monium halide to the first step. 

18. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with an ammonium halide to 
form a light weight, porous, spongy product 
consisting of MgO uniformly dispersed 
through loosely consolidated crystals of a 
water soluble calcium halide, and volatilized 
ammonium carbonate, dissolving calcium hal 
ide from the calcined product, condensing 
the volatilized ammonium carbonate with 
steam, returning the ammonium carbonate to 
the calcium halide solution to form calcium 
carbonate and regenerating ammonium hal 
ide, and returning ammonium halide to the 
first step. 

19. A process of treating magnesium-con 
taining limestone, which comprises heating 
such material with ammonium chloride to 
form a light weight, porous, spongy product 
consisting of MgO uniformly dispersed 
through loosely consolidated crystals of cal 
cium chloride and volatilized ammonium 
carbonate, dissolving calcium chloride from 
the calcined product, condensing the volatil 
ized ammonium carbonate with steam, re 
turning the ammonium carbonate to the calci 
um chloride solution to form calcium car 
bonate and regenerating ammonium chlo 
ride, and returning ammonium chloride to 
the first step. 

20. As a new article of manufacture, a 
light weight, porous, spongy product made 
from magnesium-containing limestone in 
which a substantial part of the calcium car 

65 
bomate has been converted into a water-solu 
ble anhydrous calcium halide, a substantial 
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part of which is present as loosely cohering 
aggregates of anhydrous calcium halide crys 
tals with admixed magnesium oxide. 

21. As a new article of manufacture, a light weight, porous, spongy product made 
from magnesium-containing limestone in 
which a substantial part of the calcium car 
bonate has been converted into a porous ag 
gregate of loosely cohering crystals of a wa 
ter-soluble anhydrous calcium halide with 
admixed magnesium oxide. 

22. As a new article of manufacture, a light weight, porous, spongy product made 

70 
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from magnesium-containing limestone in 
which substantially all of the calcium car 
bonate has been converted into a porous ag 
gregate of loosely cohering crystals of water 
soluble anhydrous calcium halide with ad 
mixed magnesium oxide. 

23. As a new article of manufacture, a light 
weight, porous, spongy product made from 
magnesium-containing limestone in which a 
substantial part of the calcium carbonate has 
been converted into water-soluble anhydrous 
calcium chloride, a substantial part of which 
is present as loosely cohering aggregates of 
anhydrous calcium chloride crystals with ad 
mixed magnesium oxide. 

Signed by me, this 23 day of January, 1930. 
HARVEY N. BARRETT. 
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